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ABSTRACT 

The Skylab ATM te lemet ry  system i s  used  t o  r e l a y  a 
v a r i e t y  of d a t a  t o  e a r t h ,  i nc lud ing  A'rM experiment d a t a ,  s y s t e m s  
monitor ing d a t a ,  and ATM computer d a t a .  A f r a c t i o n  o f  t h e  
real-time d a t a  stream i s  saved on t a p e  by t h e  ASAP s y s t e m  f o r  
l a t e r  playback. 

This  memorandum i s  a d i g e s t  of ce r t a in  s y s t e m  
c h a r a c t e r i s t i c s ,  c u l l e d  from r e f e r e n c e  documents and p r i v a t e  
conve r sa t ions ,  and d e s c r i b e s  how t h e s e  systems work t o g e t h e r .  
Computer t e l e m e t r y  i s  desc r ibed  i n  some d e t a i l ,  w i th  word l i s t s  
and r e p e t i t i o n  p a t t e r n s  def ined .  

t 
The computer te lemet ry  procedure now planned has  

t h e  d e f e c t  t h a t  i t  i s  impossible  t o  a s s o c i a t e  d a t a  w i t h  
c e r t a i n t y  t o  a s p e c i f i c  computation c y c l e .  This  problem w a s  . 
d i s c u s s e d  wi th  Bill Chubb of MSFC and John Copeland of IBM 
and i s  under review. Two p o s s i b l e  s o l u t i o n s  are sugges ted  
h e r e .  
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MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

This  i s  a summary, compiled from s e v e r a l  sou rces ,*  
of t h e  ATM t e l eme t ry  system and i t s  d a t a  flow. I n  p a r t i c u l a r  
t h e  d a t a  flow from t h e  computer (ATMDC) i s  desc r ibed  as w e l l  
as t h e  Aux i l i a ry  Storage and Playback (ASAP) system. It i s  
easiest t o  begin  a t  t h e  end and work ou r  way forward. A block 
diagram of  t h e  t e l eme t ry  system i s  shown i n  F igu re  1. 

Transmi t t e r  and Switchinq 

Two VHF t r a n s m i t t e r s  and antennas are a v a i l a b l e .  
Each can t r a n s m i t  a 7 2 , 0 0 0  b i t / s e c  s e r i a l  wave t r a i n .  F l e x i b l e  
swi tch ing  permi ts  each t r a n s m i t t e r  t o  be d r i v e n  from e i t h e r  
of  two sources :  t h e  real-time t e l eme t ry ,  o r  t h e  ASAP playback.  
So it i s  p o s s i b l e  t o  g e t  o l d  d a t a  from t h e  t a p e  r eco rde r  
s imul taneous ly  wi th  t h e  real-time flow. 

PCM/DDAS 

The real-time t e l eme t ry  b i t  stream i s  genera ted  
i n  t h e  Pu l se  Code Modula t ion /Digi ta l  Data Acqu i s i t i on  Subsystem 
(PCM/DDAS), o f  which t h e r e  a r e  two, a pr imary and a redundant  
u n i t .  This  is  t h e  h e a r t  o f  t h e  te lemet ry  system, where an 
enormous v a r i e t y  of ana log  and d i g i t a l  i n p u t s  are sampled and 
conver ted  t o  a s i n g l e  ser ia l  stream of b i t s .  T h e  ou tpu t  i s  
organized  as shown i n  F igure  2 i n t o  1 0 - b i t  words, 60  words 
p e r  frame, and 30 frames pe r  master frame. The e n t i r e  master 
frame of 1800 words, as p i c t u r e d ,  i s  t r a n s m i t t e d  i n  1 / 4  sec. 
I n  each frame, words 28A, 28B,  and 29A are r e se rved  f o r  mul t i -  
p l e x e r  vo l t age  l e v e l  r e f e r e n c e s ,  and words 2 9 B ,  30A, and 30B 
are reserved  f o r  frame sychroniz ing  p a t t e r n s ,  l eav ing  only  54 
o u t  o f  6 0  words a c t u a l l y  a v a i l a b l e  f o r  d a t a .  

ASAP 

The ASAP assembly inc ludes  a memory module, t w o  t a p e  
r eco rde r s  (pr imary and r edundan t ) ,  and c o n t r o l  c i r c u i t s .  I n  
t h e  record  mode a l l  i n p u t  da t a  i s  de r ived  from t h e  PCM/DDAS b i t  

~~~ 

*References 1 and 2 .  
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stream; no i n p u t  d a t a  i s  fed d i r e c t l y  from i t s  source .  The 
playback occurs  a t  t h e  same 7 2 , 0 0 0  bit /sec r a t e  a s  r e a l - t i m e  
t e l eme t ry .  The r eco rd ing  c a p t u r e s  on the average only 1 word 
o u t  of 1 8  words of t h e  real-time stream. The t a p e  r e c o r d e r  
caDaci ty  i s  9 0  minutes  worth,  which p l a y s  back, on command, 
i n  5 minutes .  

The Memory Module (MM) i s  a 400 word, 25 b i t  b u f f e r  
between t h e  real-time te lemet ry  b i t  stream and t h e  s lower  
r eco rd ing  p rocess .  The f irst  1 5  b i t s ,  i n  a non-des t ruc t ive  
r eadou t  s e c t i o n  ( N D R O ) ,  con ta in  400 addres ses  t h a t  r e f e r  t o  
t i m e  s l o t s  i n  4 consecut ive  PCM/DDAS m a s t e r  frames.  The o t h e r  
1 0  b i t s ,  i n  a d e s t r u c t i v e  readout  s e c t i o n  ( D R O ) ,  a r e  pigeon- 
h o l e s  t o  s tore  t h e  des igna ted  data  b i t s  when they  come up i n  
t h e  p u l s e  t r a i n .  The 400 addresses  are l i s t e d  i n  ch rono log ica l  
order and t h e  a s s o c i a t e d  memory cel ls  a r e  loaded s e q u e n t i a l l y  
a t  a pseudo-random ra t e  as t h e  s p e c i f i e d  words occur .  Concur- 
r e n t l y ,  t h e  memory ce l l s  a r e  unloaded and d e l i v e r e d  t o  t h e  t a p e  
r e c o r d e r  i n  a r i g i d l y  synchronous flow. 

By s e l e c t i n g  only  400 words o u t  of 4 master frames 
of 1 8 0 0  words each ,  t h e  r equ i r ed  d a t a  s e l e c t i v i t y  o f  1 i n  1 8  
i s  achieved.  I t  appears  t h a t  t h e  400  addres ses  w i l l  be 
d i s t r i b u t e d  evenly ,  1 0 0  words p e r  master frame, and t h e s e  may 
even be t h e  same 1 0 0  words ou t  o f  each master frame, b u t  I 
have found no d i r e c t  s t a t e m e n t  t o  t h i s  e f f e c t ,  nor  does t h e r e  
appear  t o  be any i n h e r e n t  r e s t r i c t i o n  by t h e  Memory Module 
on t h e  d i s t r i b u t i o n  of t h e  addresses .  

Data i s  recorded on t a p e  i n  t h e  format  of F igure  3 ,  
s i m i l a r  t o  t h e  real-time format,  excep t  t h a t  1 0 0  1 0 - b i t  words 
c o n s t i t u t e  a frame, and 6 0  frames a master frame. A s  b e f o r e ,  
t h e  end of frame i s  s i g n a l l e d  by a s p e c i a l  code i n  t h e  l a s t  
three words, l e a v i n g  97  u s e f u l  data s l o t s .  Th i s  s t r u c t u r e  
s t r o n g l y  sugges t s  t h a t  each 1 0 0  word frame i s  e x t r a c t e d  from 
one 1800 word master frame of t h e  r ea l - t ime  stream each 1 / 4  
second. I t  t a k e s  15 seconds t o  record an ASAP mas ter  frame, 
b u t  on ly  15/18 second t o  p l ay  it back. Note t h a t  on playback 
t h e  words spew f o r t h  a t  t h e  same rate  a s  real-time d a t a ,  b u t  
due t o  t h e  d i f f e r e n c e  i n  r ecu r rence  of  t h e  end-of-frame s i g n a l s ,  
there can be no ambiguity between real-time and playback streams. 

Addresses of  d a t a  words t o  be recorded a r e  loaded 
i n t o  t h e  NDRO memory w e l l  be fo re  l i f t - o f f ,  and there i s  e v i d e n t l y  
no way t o  change them dur ing  t h e  miss ion ,  e i t h e r  f o r  c o r r e c t i o n  
or  modif icat ion.  

I n p u t  Data Format 

The enormous data  a p p e t i t e  of  t h e  PCM/DDAS i s  f e d  
from an a r r a y  of analog and d i g i t a l  sou rces .  DC v o l t a g e  l e v e l s  
a r e  mul t ip l exed  and re-mult iplexed by Model 103 R e m o t e  Analog 
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Submult iplexers  ( R A S M )  and Model 270 M u l t i p l e x e r s  i n t o  a stream 
of  p u l s e s  whose ampl i tudes  a r e  conver ted  t o  d i g i t a l  form by t h e  
PCM sec t ion .  D i g i t a l  d a t a  i s  e n t e r e d  v i a  Model 410 Remote 
D i g i t a l  Mul t ip l exe r s  o r  d i r e c t l y  t o  t h e  DDAS. 

I have n o t  a t tempted t o  determine t h e  d e t a i l s  of 
t h i s  d a t a  merging p r o c e s s ,  e i t h e r  i n  c o n t e n t  o r  q u a n t i t y .  
S u f f i c e  it t o  say  it t a k e s  a l o t  o f  measurements t o  
f i l l  an 1800-word master frame every  1/4 second. The computer 
(ATMDC), as w e  s h a l l  see, accounts  f o r  1 /60  of t h i s  volume and 
a d i s c u s s i o n  of t h i s  c o n t e n t  w i l l  occupy t h e  remainder  of  t h i s  
memorandum. 

ATMDC Telemetry Output 

The ATMDC must load  a s p e c i a l  50-b i t  t e l e m e t r y  
o u t p u t  r e g i s t e r  24 t i m e s  each second. Two p u l s e  t r a i n s  
o r i g i n a t i n g  i n  t h e  t e l e m e t r y  system, 24 p u l s e s / s e c ,  and 
1 pu l se / sec ,  t r i g g e r  computer i n t e r r u p t s  t o  t e l l  t h e  computer 
when each word i s  needed. The 1 pu l se / sec  i n t e r r u p t ,  be ing  
concur ren t  w i th  one of t h e  others ,  pe rmi t s  t h e  computer t o  
recognize  t h e  beginning of each 24-word c y c l e .  An i n t e r r u p t  
occur s  every  41.7 mil l i s econds .  The t e l e m e t r y  c i r c u i t s  r ead  
t h e  computer register 41.5 m s .  a f t e r  t h e  r e q u e s t  i s  made, so 
t h e  computer must respond wi th in  t h i s  t i m e .  Normally, i n t e r -  
r u p t  response i s  v i r t u a l l y  in s t an taneous ,  b u t  sometimes t h e  
computer must p u t  i t se l f  i n t o  a n o n - i n t e r r u p t a b l e  s t a t u s  t o  
do c e r t a i n  t i m e - c r i t i c a l  o p e r a t i o n s .  Obviously,  t h e s e  pe r iods  
must be s h o r t e r  t h a n  41.5 m s .  

The computer s u p p l i e s  24 words/sec o r  6 words every 
1/4 sec, b u t  t h e s e  are 50 b i t  words, so l o  and behold,  w e  
have 30 10 -b i t  words every  1/4 second -- e x a c t l y  1 word pe r  
f r a m e  of t h e  real-time te lemet ry :  Where t h e s e  a r e  l o c a t e d  i n  
t h e  mas ter  frame, o r  whether t h e  5 segments of a 50 -b i t  word 
are d i s t r i b u t e d  among 5 consecut ive  frames o r  packed t o g e t h e r  
i n  a s i n g l e  frame, I cannot  determine. However, t h e  average 
d a t a  r a t e  i s  e x a c t l y  1 word ou t  of every 60-word t e l e m e t r y  
frame o r i g i n a t i n g  from t h e  computer. Furthermore,  on ly  f o u r  
o u t  of  t h e  24 computer words a r e  recorded by ASAP; s p e c i f i c a l l y ,  
words 6 ,  12, 18,  and 24. These correspond t o  t h e  f i n a l  f i v e  
1 0 - b i t  words i n  every  master frame. Thus, 5 of every 100 words 
recorded  by ASAP o r i g i n a t e  from t h e  computer. 

Although t h e  computer can supply only  24 words each 
second and only  4 w i l l  be  t ape  recorded ,  no l a w  says  t h a t  
they must be  t h e  same words each second. T h a t ' s  what makes 
t h i s  such a f a s c i n a t i n g  s tudy .  
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Telemetry l i s t s  a r e  c l a s s i f i e d  a s  C l a s s  I ,  C las s  11, 
Memory Dump, S e l f  T e s t ,  and Troubleshoot ing Mode. These  a r e  
l i s t e d  i n  ascending o r d e r  of  preemptive p r i o r i t y ,  i . e . ,  when 
i t ' s  needed C las s  I1 o v e r r i d e s  C las s  I ,  Memory Dump o v e r r i d e s  
C l a s s  I and 11, etc .  I n  t h e  normal cour se  of  t h i n g s ,  only 
Class I and C l a s s  I1 w i l l  be  t r a n s m i t t e d ;  t h e  o t h e r s  a r e  used 
only  i n  s p e c i a l  s i t u a t i o n s  or  on command. 

C l a s s  I Telemetry 

There are p r e s e n t l y  30 words d e f i n e d  i n  t h e  C l a s s  I 
t e l e m e t r y ,  s t r u c t u r e d  a s  shown i n  F igu re  4 .  B i t s  45 through 50  
are r e se rved  f o r  a unique code i d e n t i f i e r  which I have w r i t t e n  
as consecu t ive  oc t a l  numbers. However, f o r  reasons  b e s t  known 
t o  t h e  d e s i g n e r s ,  t h e s e  b i t s  a r e  w r i t t e n  i n  r e v e r s e  o r d e r  
b i n a r y ,  i . e . ,  oc t a l  code 0 3  i s  a c t u a l l y  w r i t t e n  1 1 0  0 0 0 ,  e tc .  
This convent ion i s  used i n  a l l  t h e  computer t e l e m e t r y  words. 
A unique code i d e n t i f i e s  each word type .  

The remaining 4 4  b i t s  are d iv ided :  1 6 ,  1 6 ,  1 2 ;  11, 
11, 11, 11; or a s p e c i a l  f i e l d ,  and d a t a  i s  a s s igned  t o  
a p p r o p r i a t e l y  s i z e d  ce l l s .  T h i s  complex s t r u c t u r e  i s  d i f f i -  
c u l t  f o r  t h e  computer t o  assemble, r e q u i r i n g  much s h i f t i n g  and 
masking (remember t h a t  t h e  computer word l e n g t h  i s  1 5  b i t s  p l u s  
s i g n ) ,  b u t  it does y i e l d  high t r ansmiss ion  e f f i c i e n c y .  

Class I t e l eme t ry  i s  t r a n s m i t t e d  each second u n l e s s  
it i s  preempted by some o t h e r  c l a s s .  S ince  t h e r e  are 30 words 
and only  2 4  s l o t s ,  s o m e  a l t e r n a t i o n  i s  r e q u i r e d .  F igure  5 
shows how t h i s  i s  done. The 2 4  s l o t s  are l i s t e d  v e r t i c a l l y ;  
t h e  word number t h a t  each con ta ins  i s  shown h o r i z o n t a l l y  f o r  
each consecu t ive  second. T h e  h o r i z o n t a l  arrows s i g n i f y  r e p e t i -  
t i o n  of t h e  e s t a b l i s h e d  p a t t e r n .  Most s l o t s  c o n t a i n  t h e  word 
of  t h e  s a m e  number. However, s l o t s  1 7  and 1 9  t h rough  23 a r e  
used a l t e r n a t e l y  f o r  words 25 - 30. 

Slots  6 ,  1 2 ,  1 8 ,  and 24  are o f  s p e c i a l  i n t e r e s t  
because they  are t h e  only  s l o t s  t h a t  are recorded by t h e  ASAP 
t a p e  r e c o r d e r .  Rather  t han  record words 6 ,  1 2 ,  1 8  and 24  
e x c l u s i v e l y ,  a l l  30 words are r o t a t e d  tkrough these 4 s l o t s  
ove r  an 8 second pe r iod .  (Word 2 4  i s  recorded  3 t imes t o  fill 
up a l l  32 recorded  s l o t s . )  Although a l l  30 words g e t  recorded 
each 8 seconds t h i s  way, words 6 ,  1 2 ,  and 18 come o u t  on t h e  
s h o r t  end, be ing  omi t t ed  a l t o g e t h e r  from t h e  r ea l - t ime  t e l e m e t r y ,  
excep t  f o r  t h e i r  appearance once every 8 seconds i n  t h e  ASAP 
s lo t s .  

Words 4 and 2 7  deserve s p e c i a l  mention because t h e i r  
c o n t e n t s  a r e  mul t ip l exed .  I n  word 4 ,  t h e  TACS engine  f i r i n g  
s t a t u s  segment goes through 1 3  d i f f e r e n t  permutat ions b e f o r e  
r e p e a t i n g .  S ince  a d i f f e r e n t  permuta t ion  i s  recorded every  8 
seconds by ASAP, it t a k e s  1 0 4  seconds t o  r eco rd  a f u l l  set of 
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permuta t ions .  I n  word 2 7 ,  the  segment con ta in ing  Jiij i s  
permuted ove r  9 d i f f e r e n t  combinations of i and j .  Because 
word 2 7  a l t e r n a t e s  wi th  word 20 i n  t h e  real-time t e l e m e t r y ,  
b u t  i s  recorded  once every e i g h t  seconds,  it w i l l  t a k e  18 
seconds of real-time o r  72 seconds of played-back t e l e m e t r y  
t o  recover one sample of each type .  

C l a s s  I1 Telemetry 

C l a s s  I1 t e l eme t ry  i s  t r a n s m i t t e d  once every  33  
seconds,  d i s p l a c i n g  a l l  2 4  Class  I words wi th  t h e  2 4  C las s  I1 
words shown i n  F igu re  6 .  I have taken  t h e  l i b e r t y  of  adding 
1 0 0  t o  t h e  word numbers t o  avoid any p o s s i b l e  confus ion  between 
words 1 - 2 4  i n  Class I and 1 0 1  - 1 2 4  i n  C las s  11. T h e i r  
oc ta l  code t a g s  are a l r e a d y  d i s t i n c t .  S ince  only  2 4  words 
are de f ined ,  no a l t e r n a t i o n  is r e q u i r e d .  However, t o  ensure  
t h a t  each word w i l l  even tua l ly  be  recorded  by ASAP, t h e  words 
are a s s igned  t o  o u t p u t  slots on a c y c l i c a l l y  permuted b a s i s  
as shown i n  F igu re  7.  

C l a s s  I1 t e l eme t ry  occurs  every  t h i r t y - t h i r d  second 
whi l e  t h e  C l a s s  I p a t t e r n  r e p e a t s  every  8 seconds.  This  
ensu res  t h a t  a d i f f e r e n t  element of  t h e  C l a s s  I p a t t e r n  w i l l  
be  d i s p l a c e d  each t i m e .  

0 t h e r  Telemetry 

N o r m a l  t e l eme t ry  (Class I and 11) can be  d i s p l a c e d  
by a commanded memory dump, a s p e c i a l  self-test  f a i l u r e  
sequence, o r  t roub le shoo t ing  mode t e l e m e t r y .  The d e t a i l s  
can b e  found i n  Reference 2 .  

T i m e s  o f  V a l i d i t y  

The t i m e  of v a l i d i t y  of each d a t a  e l emen t  i s  a 
p o t e n t i a l l y  s e r i o u s  d e f e c t  i n  t h e  p r e s e n t  t e l e m e t r y  system. 
Refer  back t o  F igu re  5. According t o  p r e s e n t  p l ans ,  a l l  t h e  
i n g r e d i e n t s  f o r  t h e  30 t e l eme t ry  words w i l l  b e  snatched o u t  
of working core s imultaneously,  du r ing  the f i r s t  i n t e r r u p t  
i n  t h e  f i r s t  second and k e p t  i n  b u f f e r  s t o r a g e  f o r  o u t p u t t i n g  
i n  ASAP s l o t s  6 ,  1 2 ,  1 8 ,  and 2 4  ove r  t h e  8 second pe r iod .  
I n  t h e  f i rs t  second t h e s e  same words w i l l  b e  used f o r  o u t p u t t i n g  
i n  t h e  o t h e r  non-ASAP s lo t s .  I n  t h e  second and subsequent  
seconds,  a s i m i l a r  simultaneous snapshot  w i l l  be  performed 
b u t  on ly  f o r  t h e  non-ASAP s l o t s .  

This  procedure would appear  t o  g u a r a n t e e  tha t  a l l  
non-ASAP words have t h e  same time of v a l i d i t y ,  a t  the beginning 
of each second; and a l l  ASAP words a l s o  have a common t h e  of 
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v a l i d i t y  a t  t h e  beginning o f  t h e  f i r s t  second. 
t h i s  i s n ' t  q u i t e  t r u e .  

Unfor tuna te ly ,  

The computer computation c y c l e  and t h e  t e l eme t ry  

The computation c y c l e  depends on t h e  
c y c l e ,  w h i l e  bo th  nominally 1 second long ,  are de r ived  f r o m  
independent  sources. 
computer 's  i n t e r n a l  master t iming c lock ,  wh i l e  t h e  t e l eme t ry  
system g e n e r a t e s  i t s  own timing p u l s e s .  Thus, t h e  f i r s t  
t e l eme t ry  i n t e r r u p t  may occur  any o l d  t i m e  i n  t h e  cornputation. 
D a t a  ga the red  from core a t  such a t i m e  w i l l  i n c l u d e  some words 
t h a t  have j u s t  been updated and some t h a t  are l e f t - o v e r  from 
l a s t  c y c l e  -- i n  an  unknowable mixture .  So simply g a t h e r i n g  
up all t h e  data t o g e t h e r  does n o t  ensu re  t h a t  i t ' s  a l l  from 
t h e  same computation cyc le .  

Two s o l u t i o n s  t o  t h i s  problem, n e i t h e r  very a t t rac-  
t i v e ,  come t o  mind: 

1. Synchroniza t ion  - L e t  t h e  computation c y c l e  be 
i n i t i a t e d  by t h e  f i r s t  t e l e m e t r y  i n t e r r u p t  i n s t e a d  
of  t h e  i n t e r n a l  computer c lock .  Then, when a l l  
t h e  t e l e m e t r y  data  is  ga the red  up it would neces- 
s a r i l y  a l l  be from t h e  j u s t  concluded previous 
cyc le .  The obvious o b j e c t i o n  t o  t h i s  scheme i s  
t h a t  cont inued computer o p e r a t i o n  becomes con t ingen t  
on a working te lemet ry  system, probably r e s u l t i n g  
i n  less system r e l i a b i l i t y .  Perhaps f a i l u r e  safe- 
guards  could  b e  devised ,  though. For example: 
L e t  t h e  computation c y c l e  begin  whenever 

( a )  A t e l eme t ry  i n t e r r u p t  occur s ,  o r  

(b )  1.1 sec has  e lapsed  s i n c e  t h e  l a s t  s t a r t  
(as determined from t h e  computer i n t e r n a l  
c l o c k ) .  

Then, i f  t h e  te lemet ry  i n t e r r u p t s  cease t h e  computer 
w i l l  cont inue  t o  run ,  a l b e i t  a t  a somewhat slower 
pace.  Undoubtedly, s o m e  equa t ion  r edes ign  would b e  
needed t o  permi t  s u c c e s s f u l  o p e r a t i o n  a t  ei ther ra te .  

2. Double Buffer ing  - Provide ano the r  b u f f e r  b i g  
enough fo r  a l l  t h e  t e l eme t ry  d a t a ,  and l e t  t h e  
computer program load it a t  t h e  end o f  each 
cyc le .  The te lemet ry  i n t e r r u p t  would then  
col lect  i t s  needed d a t a  from there, r a t h e r  t h a n  
f r o m  working core, and load  t h e  c u r r e n t l y  provided 
b u f f e r s .  The d i f f i c u l t y  h e r e  i s  t& cons ide rab le  
b lock  of  c o r e  needed f o r  t h e  e x t r a  b u f f e r .  
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I f  n e i t h e r  of t h e s e  o p t i o n s  nor  any e q u i v a l e n t  
s o l u t i o n s  prove t o  be f e a s i b l e ,  it would s e e m  worthwhile 
t o  r e c o n s i d e r  t h e  u t i l i t y  of t h e  b u f f e r i n g  scheme p r e s e n t l y  
planned. 

I n  C las s  I1 te l eme t ry ,  d a t a  f o r  each word is  
f e t c h e d  from core dur ing  t h e  same i n t e r r u p t  t h a t  it i s  
loaded o u t .  N o  b u f f e r i n g  a t  a l l  i s  used ,  so whatever i s  
a v a i l a b l e  a t  t h e  i n t e r r u p t  t i m e  i s  wha t ' s  t r a n s m i t t e d .  
S i n c e  a l l  t h e  C l a s s  I1 d a t a  i s  c o n s t a n t  o r  very s lowly 
changing,  t h e  t i m e  o f  v a l i d i t y  i s  n o t  c r i t i ca l .  

1 0  2 5- DAD- 1 i 

Attachments 
F i g u r e s  1 - 7 
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